Mean motion resonances (MMRs) can lead either to a chaotic or a regular motion. We report on a numerical experiment showing that even in one of the most chaotic regions of the Solar System -the region of the giant planets, there are numerous narrow bands where MMRs can stabilize orbits of small bodies in a time span comparable to their lifetimes. Two types of resonant relations were observed: two-body MMRs stabilizing orbits in a short period of time and the many-body MMRs stabilizing orbits in over 10 5 years.
Introduction
Commensurabilites in a mean motion are very common in the Solar System. Resonant relations in the Main Belt have been known for nearly one and a half century -the origin of the observed gaps in the distribution of the asteroids was explained by Kirkwood ([6] ). The influence of mean motion resonances (MMRs) on the dynamics of small celestial bodies can be found in every region of the Solar System: from the Kuiper Belt (Nesvorny & Roig [10] ) to the vicinity of the Venus orbit (Milani & Baccili [9] ).
Resonant relations of small bodies in the region among giant planets have been studied for the last three decades. Orbital stability was found close to the L 4 and L 5 Lagrangian points of Jupiter (Everhart [1] ) and Saturn (Innanen & Mikkola [5] ) and in the narrow bands centered on 7.02 and 7.54 AU (Franklin et al. [3] ). Recent papers describe the local (Grazier et al. [4] ) or global (Robutel & Laskar [11] ) dynamics of the Solar System. This paper attempts to show the role of MMRs in the small body orbital stabilization process among the giant planets. Unlike in other papers where results were based on the integrations of equations of motion of the test objects with arbitrary chosen elements, we used elements of 4 real Centaurs located inside the giant planet region: 1998 SG 35 , 1999 U G 5 , 2000 EC 98 and 2001 BL 41 . Their essential orbital elements are gathered in Table 1 . These objects have very chaotic orbits -the Lyapunov time was estimated at 300 to 3,000 years and the time of stability (defined by W lodarczyk [16] ) oscillates around 2,500 years. For each real object additional 100 orbits were created using the method proposed by Sitarski ([14] ). The method allows to produce any number of orbital element sets and all of them represent the observations well (they fit the observations within very small ranges). The sample consisted of 404 test orbits -101 orbits for every real object. 
·ω where k 1 , k 2 are integers, λ p and λ are the mean longitudes of a planet and a test particle respectively, andω denotes test orbit's longitude of the perihelion. Resonances with 2 or 3 planets are more frequent than resonances with only 1 planet, and the equation for critical angle of many-body resonances has another form.
We accepted a different method of a resonance description. In our notation, a resonance 2/3 means that a planet takes 2 revolutions around the barycentre in the same time in which small body takes 3.
Results
Stabilization in a time span longer than 35,000 years is observed only in 9 to 15 % of orbits (depending on the object). We have noticed that up to 30 % of orbits were stabilized in time spans of over several thousand years (see Table 2 ). The longest time of orbital stability lasted 160,000 years (80 % time of integration). 
Small bodies dynamics under the influence of MMRs
Two types of resonant behaviour were observed during this experiment. The first type -when a small body was located in MMR with only 1 planet. Resonant interactions lasted from hundreds up to 35,000 years. Orbits of a planet and a body can cross each other in the ecliptic projections. This type of orbital behaviour is very similar to the behaviour of the Toro class objects (Milani & Baccili [9] ). Both groups can approach planets, cross their orbits (in ecliptic projections), and are also in a resonant state for short periods of time (see Fig. 1 ).
The second type of resonant behaviour is characterized by long term (up to 160,000 years in our sample) resonant interactions among a test particle and 2 or 3 planets (Fig. 5) . The observed long time orbital stability of a small body is caused by near resonant dependencies which allow to avoid close approaches among particles and planets in longer time spans.
About 30-40 % of test bodies were observed in the Main Belt on orbits typical for asteroids (Fig.  2) . They left this region in a very short time, usually less than 250 orbital periods. While stabilized by MMRs, their lifetime grew rapidly (up to 20,000 orbital revolutions in our calculations). Figure  3A presents variations of the semi-major axis as a function of time for one of these particles located in the Main Belt and stabilized by a MMR with Jupiter. Its critical angle (Fig. 3B) librates about 0 • . Even high and growing amplitude (over 150 • ) of the librations is incapable to destabilize the dynamics of the particles in a time span of over 8 · 10 4 years. The motion of the particle can be seen on Figure 3C . When the test orbit is locked in a resonance, the phase-space of the semi-major axis and the critical angle have a characteristic cat's eye look.
Islands of stability
The numerical experiment made it possible to find "stability islands" in the chaotic region of giant planets. Figure 4 shows the bands of stability in the (a,e) plane. All orbits located in these zones were stabilized by MMRs in the time spans of over 10 4 years. This period of time was comparable with the mean lifetime of objects in the region of giant planets (estimated by Franklin ([3]) on 10 4 -10 5 years). Many of these resonances are observed in the Main Belt and outside the Saturn orbit. The region between Jupiter and Saturn is hardly inhabited. This can be caused by strong gravitational perturbation of these two planets. The region outside Uranus seems to be empty, but this is due to the ensemble selection: present perihelion and aphelion distances of all particle orbits are located between Jupter and Uranus orbits.
In comparision to the early papers of Everhart ([1]) or Franklin ([3]) our work shows that the giant planets region is not so chaotic in dynamical short time scales. There are numerous narrow bands where the dynamics of small bodies can be stable for a time span comparable to their lifetimes in that region. The main stabilizing mechanism is a many-body mean motion resonance with 2 or 3 planets.
Our results are hardly comparable to those of present day papers due to different timescales of integrations. Grazier's and Robutel's works focused on research of long time stability of Solar System regions while we studied the paths of a small ensemble of orbits. We think it is likely that the results of our experiment and Robutel's survey would be similar for the same timescales of integrations.
Conclusions
The experiment allowed us to show that many-body MMRs can stabilize small body orbits in numerous narrow bands in periods of time comparable to their lifetimes (over 10 4 -10 5 years). Most of the stabilizing MMRs were found on orbits quite different from the initial ones for each real body.
Two types of resonant behaviour were observed. The first one when a small body is in a MMR with only 1 planet (two-body resonance). This relation usually lasts several thousand years. The orbits of particles seem to be very similar to the Toro type orbits. The second type of resonant behaviour concerns MMRs with 2 or 3 planets. These many-body resonances can stabilize particle orbits far more effectively i.e. a time span of stabilization can last over 10 5 years. These types of resonant relations are much more frequent than the two-body resonances. Zones of stable dynamics are very narrow. They are observed near 6, 6.8, 8.2, 9.5, 10, 10.5, 11, 11.6, 12.1, 13, 15.1, 17.3 AU. The most effective stabilizing MMRs are: 2/1 (Jupiter) and 5/1 (Saturn) acting simultaneously, 1/1 (S) and 5/2 (J) acting simultaneously, 1/4 (S), 5/8 (J), 4/9 (J), 4/1 (J) and 8/5 (S) acting simultaneously and 2/3 (J).
Similar dependencies were also observed in the Main Belt. Centaurs can evolve to typical asteroidal orbits between Mars and Jupiter. These orbits can be stabilized even on a long time scale (over 8 · 10 4 years) by MMRs with Jupiter (Jupiter and Saturn). Hence primordial (or rather: non-evaluated) cometary material as inactive cometary nuclei can also be found among the Main Belt objects.
The results of our computations show that the role of resonances in the dynamics of small celestial bodies is very important. They can not only lead to chaos. They can also stabilize orbits in the giant planet region very effectively in timescales comparable to their lifetimes. And moreover, we can see that the Lyapunov time is not so good estimate of chaos. This time is very short for all chosen orbits but as it was shown it does not mean they are all chaotic. Lots of them were stabilized by MMRs in timescales of 2 or 3 orders higher than it was estimated by the Lyapunov time.
Further studies are required to wider our knowledge on orbital stabilization by many-body MMRs in the chaotic region of the Solar System. The orbit is locked in a 2/3 MMR with Jupiter after 118,000 years of the dynamical evolution. B -Variations of the critical angle in a function of time. As the particle is in resonance, the critical angle starts to librate about 0 • with a large amplitude (dotted-free area indicates values of angles which are unaccessible for the librating body). The amplitude increases and the libration is hardly visible at the end of the integration (dotted-free area nearly disappears). The particle will probably leave the resonance in several thousand years. When the body remains outside, the resonance values of the critical angle vary at random. C -The phase diagram shows variations of the semi-major axis in the function of the critical angle. The motion of the test particle in the resonance forms close curves. 
